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IDENTIFICATION AND OPERATION OF
SUB-PRIME BLOCKS IN NONVOLATILE
MEMORY

BACKGROUND

This application relates to the operation of re-program-
mable non-volatile block-erasable memory such as semi-
conductor flash memory, and more specifically, to operating
such memories 1n an eflicient manner.

Solid-state memory capable of nonvolatile storage of
charge, particularly in the form of FEPROM and flash
EEPROM packaged as a small form factor card, has become
the storage of choice 1n a variety of mobile and handheld
devices, notably information appliances and consumer elec-
tronics products. Unlike RAM (random access memory) that
1s also solid-state memory, flash memory 1s non-volatile, and
retains its stored data even after power 1s turned ofl. Also,
unlike ROM (read only memory), tflash memory 1s rewrit-
able similar to a disk storage device. Flash memory 1is
increasingly being used in mass storage applications.

Flash EEPROM 1s similar to EEPROM (electrically eras-
able and programmable read-only memory) 1n that 1t 1s a
non-volatile memory that can be erased and have new data
written or “programmed” into their memory cells. Both
utilize a floating (unconnected) conductive gate, in a field
ellect transistor structure, positioned over a channel region
in a semiconductor substrate, between source and drain
regions. A control gate 1s then provided over the floating
gate. The threshold voltage characteristic of the transistor 1s
controlled by the amount of charge that 1s retained on the
floating gate. That 1s, for a given level of charge on the
floating gate, there 1s a corresponding voltage (threshold)
that must be applied to the control gate before the transistor
1s turned “on” to permit conduction between 1ts source and
drain regions. Flash memory such as Flash EEPROM allows
entire blocks of memory cells to be erased at the same time.

The floating gate can hold a range of charges and there-
fore can be programmed to any threshold voltage level
within a threshold voltage window. The size of the threshold
voltage window 1s delimited by the minimum and maximum
threshold levels of the device, which 1n turn correspond to
the range of the charges that can be programmed onto the
floating gate. The threshold window generally depends on
the memory device’s characteristics, operating conditions
and history. Each distinct, resolvable threshold voltage level
range within the window may, in principle, be used to
designate a definite memory state of the cell.

SUMMARY OF THE INVENTION

In a block-erasable nonvolatile memory array, blocks may
be categorized as bad blocks 11 they fail some testing. Blocks
that pass testing may be further categorized, for example as
prime and sub-prime blocks. This categorization may be
based on the same test results as bad block identification, or
may be based on separate testing including testing based on
write performance (e.g. Erratic Program Detection, or
“EPD”). Sub-prime blocks may be identified from their
proximity to bad blocks.

Identification of sub-prime blocks, or other categorization
of operational blocks, allows different operation of such
blocks that 1s appropnate to their characteristics. Sub-prime
blocks may be linked to form sub-prime metablocks so that
sub-prime blocks are concentrated i a relatively small
number of metablocks. Diflerent operation of sub-prime
blocks may include prohibiting sub-prime blocks from stor-
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2

ing critical data, operating 1n only SLC or only MLC mode,
storing only data that i1s stored elsewhere 1in the memory,
storing only data with special redundancy, and applying a
wear-leveling scheme that treats sub-prime and prime blocks
differently.

An example of a method of operating blocks of a memory
array 1ncludes: categorizing the blocks into a plurality of
categories including prime blocks, sub-prime blocks, and
bad blocks; subsequently selecting individual blocks in
different planes for parallel operation 1n metablocks such
that each block 1n a metablock 1s selected from the same
category; configuring metablocks formed from prime blocks
as prime metablocks that are operated 1n a first manner; and
configuring metablocks formed from sub-prime blocks as
sub-prime metablocks that are operated 1n a second manner
that 1s diflerent from the first manner.

The categorizing may include identifying a bad block
from test results obtained from the bad block, and subse-
quently identifying sub-prime blocks based on their prox-
imity to the bad block. The categorizing may include: testing
cach of the blocks to obtain test results; subsequently,
comparing test results for a block with first criteria to
determine 11 the block 1s a bad block; and comparing the test
results for the block with second criteria to determine 11 the
block 1s a sub-prime block. Blocks that are not determined
to be bad blocks, and are not determined to be sub-prime
blocks, may be classified as good blocks. The categorizing
may 1nclude 1dentifying bad blocks from testing, and 1den-
tifying sub-prime blocks from proximity to bad blocks and
from testing of sub-prime blocks. The metablocks formed
from sub-prime blocks may be limited to operation as MLC
blocks and the metablocks formed from prime blocks may
be configured for operation as either SLC or MLC blocks.
The metablocks formed from sub-prime blocks may be
limited to store certain types of data and the metablocks
formed from prime blocks may be used to store any data sent
to the memory array. Operation in the second manner may
include assigning a write-erase cycle count to a sub-prime
block that 1s greater than a number of write-erase cycles
actually undergone by the sub-prime block.

An example of a method of operating erase blocks of a
memory array includes: individually testing a plurality of
erase blocks to determine a number of memory cells with
threshold voltages that are between target threshold voltage
ranges associated with logic states for each of the plurality
of erase blocks; categorizing the plurality of erase blocks
into a plurality of categories based on the number, the
plurality of categories including prime erase blocks, and
sub-prime erase blocks; operating prime erase blocks in a
first manner; and operating sub-prime erase blocks 1n a
second manner that i1s different from the first manner.

The first manner may include operation 1n both MLC and
SLC modes, and the second manner may restrict sub-prime
erase blocks to use in SLC mode. Operation in the second
manner may be restricted to blocks used for internal copying
of data. Operation 1n the second manner may be restricted to
storing only data that 1s recoverable from other blocks in the
memory array. The data may be recoverable from another
copy of the data that 1s stored 1n another block in the memory
array. The data may be recoverable by performing an exclu-
sive OR operation (XOR) on data stored in another block 1n
the memory array.

An example of a method of operating erase blocks of a
memory array includes: individually testing a plurality of
erase blocks to obtain block-specific test information; stor-
ing the block-specific test information; subsequently, cat-
cegorizing the plurality of erase blocks mnto a plurality of
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categories based on the block-specific test information, the
plurality of categories including prime erase blocks, and
sub-prime erase blocks; configuring prime erase blocks for
general use 1n storing user data; and configuring sub-prime
erase blocks for limited use.

The testing may include determining a number of memory
cells with threshold voltages that are between target thresh-
old voltage ranges associated with logic states for each of the
plurality of erase blocks. Erase blocks that are in close
proximity to bad blocks may be i1dentified and classified as
sub-prime blocks. Prime metablocks may be configurable as
either Single Level Cell (SLC) blocks or Mult1 Level Cell
(MLC) blocks, and sub-prime erase blocks may be config-
ured exclusively as SLC blocks. Prime metablocks may be

configurable as either Single Level Cell (SLC) blocks or
Mult1 Level Cell (MLC) blocks, and sub-prime erase blocks
may be configured exclusively as SLC blocks. The sub-
prime erase blocks may be configured for use that 1s limited
to storing data that 1s already stored 1n another block 1n the
memory array, or can be reproduced from data stored in
another block i1n the memory array.

Various aspects, advantages, features and embodiments of
the present invention are included 1n the following descrip-
tion ol exemplary examples thereof, which description
should be taken 1n conjunction with the accompanying
drawings. All patents, patent applications, articles, other
publications, documents and things referenced herein are
hereby mcorporated herein by this reference 1n their entirety
for all purposes. To the extent of any inconsistency or
contlict in the definition or use of terms between any of the
incorporated publications, documents or things and the
present application, those of the present application shall
prevail.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 illustrates schematically the main hardware com-
ponents ol a memory system suitable for implementing the
present mvention.

FIG. 2 illustrates schematically a non-volatile memory
cell.

FIG. 3 illustrates the source-drain current I, and the
control gate voltage V .

FI1G. 4 A 1llustrates schematically a string of memory cells
organized into a NAND string.

FIG. 4B 1llustrates an example of a NAND array 210 of
memory cells, constituted from NAND strings 50 such as
that shown i FIG. 4A.

FI1G. 5 illustrates a page of memory cells, organized in the
NAND configuration, being sensed or programmed 1n par-

allel.

FIGS. 6A-6F
memory cells.

FIGS. 7A-7F illustrate examples of programming and
reading of a 4-state memory.

FIG. 8 illustrates a multi-step programming operation.

FI1G. 9 1llustrates 1dentification of sub-prime blocks from
their proximity to bad blocks.

FIG. 10 illustrates linking sub-prime blocks into sub-
prime metablocks.

FIG. 11 shows how sub-prime blocks may be 1dentified.

FI1G. 12 shows how blocks may be linked into metablocks
according to category.

FIG. 13 shows how blocks may be configured according
to category.

illustrate examples of programming

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 14 shows an example of hardware that may be used
to implement aspects of the present imnvention.

DETAILED DESCRIPTION

Memory System

FIG. 1 illustrates schematically the main hardware com-
ponents of a memory system suitable for implementing the
present mnvention. The memory system 90 typically operates
with a host 80 through a host iterface. The memory system
1s typically 1n the form of a memory card or an embedded
memory system. The memory system 90 includes a memory
102 whose operations are controlled by a controller 100. The
memory 102 comprises one or more array ol non-volatile
memory cells distributed over one or more integrated circuit
chip. The controller 100 may include interface circuits, a
processor, ROM (read-only-memory), RAM (random access
memory), programmable nonvolatile memory, and addi-
tional components. The controller 1s typically formed as an
ASIC (application specific integrated circuit) and the com-
ponents included in such an ASIC generally depend on the
particular application.

Physical Memory Structure

FIG. 2 illustrates schematically a non-volatile memory
cell. The memory cell 10 can be implemented by a field-
ellect transistor having a charge storage unit 20, such as a
floating gate or a dielectric layer. The memory cell 10 also
includes a source 14, a drain 16, and a control gate 30.

There are many commercially successiul non-volatile
solid-state memory devices being used today. These memory
devices may employ different types of memory cells, each

type having one or more charge storage element.

Typical non-volatile memory cells include EEPROM and
flash EEPROM. Examples of EEPROM cells and methods
of manufacturing them are given in U.S. Pat. No. 5,595,924,
Examples of flash EEPROM cells, their uses in memory

systems and methods of manufacturing them are given 1n
U.S. Pat. Nos. 5,070,032, 5,095,344, 5,315,541, 5,343,063,

5,661,053, 5,313,421 and 6,222,762. In particular, examples
of memory devices with NAND cell structures are described
in U.S. Pat. Nos. 5,570,315, 5,903,495, 6,046,935. Also,
examples of memory devices utilizing dielectric storage
clements have been described by Eitan et al., “NROM: A
Novel Locahzed Trapping, 2-Bit Nonvolatlle Memory
Cell,” IEEE Electron Device Letters, vol. 21, no. 11,
November 2000, pp. 543-543, and 1n U.S. Pat. Nos 35,768,
192 and 6,011,723.

In practice, the memory state of a cell 1s usually read by
sensing the conduction current across the source and drain
clectrodes of the cell when a reference voltage 1s applied to
the control gate. Thus, for each given charge on the floating
gate of a cell, a corresponding conduction current with
respect to a fixed reference control gate voltage may be
detected. Similarly, the range of charge programmable onto
the floating gate defines a corresponding threshold voltage
window or a corresponding conduction current window.

Alternatively, instead of detecting the conduction current
among a partitioned current window, it 1s possible to set the
threshold voltage for a given memory state under test at the
control gate and detect 1f the conduction current 1s lower or
higher than a threshold current (cell-read reference current).
In one implementation the detection of the conduction
current relative to a threshold current 1s accomplished by
examining the rate the conduction current 1s discharging
through the capacitance of the bit line.
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FIG. 3 1llustrates the relation between the source-drain
current I,, and the control gate voltage V - for four different
charges Q1-Q04 that the floating gate may be selectively
storing at any one time. With fixed drain voltage bias, the
four solid 1, versus V.. curves represent four possible 5
charge levels that can be programmed on a floating gate of
a memory cell, respectively corresponding to four possible
memory states. As an example, the threshold voltage win-
dow of a population of cells may range from 0.5V to 3.5V.
Seven possible programmed memory states <07, “17, 27, 10
“37, %47 «“57, “6”, respectively and one erased state (not
shown) may be demarcated by partitioning the threshold
window into regions 1n intervals of 0.5V each. For example,
if a reference current, IREF of 2 pA 1s used as shown, then
the cell programmed with Q1 may be considered to be in a 15
memory state “1” since 1ts curve intersects with I ... in the
region of the threshold window demarcated by VCG=0.5V
and 1.0V. Stmilarly, (04 1s 1n a memory state “5”.

As can be seen from the description above, the more states
a memory cell 1s made to store, the more finely divided 1s 1ts 20
threshold window. For example, a memory device may have
memory cells having a threshold window that ranges from
—-1.5V to 5V. This provides a maximum width of 6.5V, If the
memory cell 1s to store 16 states, each state may occupy
from 200 mV to 300 mV 1in the threshold window. This will 25
require higher precision in programming and reading opera-
tions 1n order to be able to achieve the required resolution.

FIG. 4 A 1llustrates schematically a string of memory cells
organized into a NAND string. A NAND string 50 comprises
of a series of memory transistors M1, M2, ... Mn (e.g.,n=4, 30
8, 16 or higher) daisy-chained by their sources and drains. A
pair of select transistors S1, S2 controls the memory tran-
sistor chain’s connection to the external world via the
NAND string’s source terminal 54 and drain terminal 56
respectively. In a memory array, when the source select 35
transistor S1 1s turned on, the source terminal 1s coupled to
a source line (see FIG. 4B). Sitmilarly, when the drain select
transistor S2 1s turned on, the drain terminal of the NAND
string 1s coupled to a bit line of the memory array. Each
memory transistor 10 1n the chain acts as a memory cell. It 40
has a charge storage element 20 to store a given amount of
charge so as to represent an intended memory state. A
control gate 30 of each memory transistor allows control
over read and write operations. As will be seen 1n FIG. 4B,
the control gates 30 of corresponding memory transistors of 45
a row of NAND string are all connected to the same word
line. Similarly, a control gate 32 of each of the select
transistors S1, S2 provides control access to the NAND
string via 1ts source terminal 34 and drain terminal 56
respectively. Likewise, the control gates 32 of corresponding 50
select transistors of a row of NAND string are all connected
to the same select line.

When an addressed memory transistor 10 within a NAND
string 1s read or 1s verified during programming, its control
gate 30 1s supplied with an appropnate voltage. At the same 55
time, the rest of the non-addressed memory transistors 1n the
NAND string 50 are fully turned on by application of
suilicient voltage on their control gates. In this way, a
conductive path 1s eflectively created from the source of the
individual memory transistor to the source terminal 54 of the 60
NAND string and likewise for the drain of the individual
memory transistor to the drain terminal 56 of the cell.
Memory devices with such NAND string structures are

described 1n U.S. Pat. Nos. 5,570,315, 5,903,495, 6,046,935.
FIG. 4B 1llustrates an example of a NAND array 210 of 65
memory cells, constituted from NAND strings 50 such as

that shown in FIG. 4A. Along each column of NAND

6

strings, a bit line such as bit line 36 1s coupled to the drain
terminal 56 of each NAND string. Along each bank of
NAND strings, a source line such as source line 34 1s
coupled to the source terminals 54 of each NAND string.
Also the control gates along a row of memory cells 1n a bank
of NAND strings are connected to a word line such as word
line 42. The control gates along a row of select transistors 1n
a bank of NAND strings are connected to a select line such
as select line 44. An entire row of memory cells 1n a bank
of NAND strings can be addressed by appropriate voltages
on the word lines and select lines of the bank of NAND
strings.

FIG. § 1llustrates a page of memory cells, organized in the
NAND configuration, being sensed or programmed 1n par-
allel. FIG. 5 essentially shows a bank of NAND strings 50
in the memory array 210 of FIG. 4B, where the detail of each
NAND string 1s shown explicitly as 1 FIG. 4A, A physical
page, such as the page 60, 1s a group of memory cells
enabled to be sensed or programmed 1n parallel. This 1s
accomplished by a corresponding page of sense amplifiers
212. The sensed results are latched 1n a corresponding set of
latches 214. Each sense amplifier can be coupled to a NAND
string via a bit line. The page 1s enabled by the control gates
of the cells of the page connected 1n common to a word line
42 and each cell accessible by a sense amplifier accessible
via a bit line 36. As an example, when respectively sensing
or programming the page of cells 60, a sensing voltage or a
programming voltage 1s respectively applied to the common
word line WL3 together with appropniate voltages on the bit
lines.

Physical Organization of the Memory

One important difference between flash memory and other
of types ol memory 1s that a cell must be programmed from
the erased state. That 1s the floating gate must first be
emptied of charge. Programming then adds a desired amount
of charge back to the floating gate. It does not support
removing a portion of the charge from the tloating gate to go
from a more programmed state to a lesser one. This means
that update data cannot overwrite existing data and must be
written to a previously unwritten location.

Furthermore erasing 1s to empty all the charges from the
floating gate and generally takes appreciable time. For that
reason, 1t will be cumbersome and very slow to erase cell by
cell or even page by page. In practice, the array of memory
cells 1s divided into a large number of blocks of memory
cells. As 1s common for flash EEPROM systems, the block
1s the unit of erase. That 1s, each block contains the mini-
mum number of memory cells that are erased together.
While aggregating a large number of cells 1 a block to be
erased 1n parallel will improve erase performance, a large
size block also entails dealing with a larger number of
update and obsolete data.

Each block 1s typically divided into a number of physical
pages. A logical page 1s a unit of programming or reading
that contains a number of bits equal to the number of cells
in a physical page. In a memory that stores one bit per cell,
one physical page stores one logical page of data. In
memories that store two bits per cell, a physical page stores
two logical pages. The number of logical pages stored 1n a
physical page thus reflects the number of bits stored per cell.
In one embodiment, the individual pages may be divided
into segments and the segments may contain the fewest
number of cells that are written at one time as a basic
programming operation. One or more logical pages of data
are typically stored 1n one row of memory cells. A page can
store one or more sectors. A sector includes user data and
overhead data.
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In addition to planar (two dimensional) memory arrays as
described above, three dimensional memory arrays are
formed with multiple layers of memory cells stacked above
cach other on a substrate. Examples of such three dimen-
sional memory arrays, their formation, and their operation
are described m U.S. Patent Publication Number 2012/
0220088 and in U.S. Patent Publication Number 2013/
0107628, which are hereby incorporated by reference 1n
their entirety.

SLC and MLC Programming

FIG. 6A-6C illustrate an example of a population of
2-state memory cells (Single Level Cells, or “SLC” cells).
FIG. 6A 1llustrates how the population of memory cells are
programmable mto two distinct distributions of threshold
voltages, an erased state, “E” and a programmed state, “P.”
Memory cells may be read by determining whether their
threshold voltages are above or below a read voltage, rV,.
FIG. 6B 1illustrates the 1nitial distribution of “erased” thresh-
old voltages for an erased memory. FIG. 6C illustrates an
example of the memory after many of the memory cells have
been programmed. Essentially, a cell imtially has an
“erased” threshold voltage and programming will move 1t to
a higher value 1nto a zone demarcated by verity level vV, .
In this way, each memory cell can be programmed to the
programmed state or remain un-programmed 1n the “erased”
state. Binary bits, or logic states, are associated with each
distribution. In the example shown, the erased distribution 1s
associated with a logic state “1” and the programmed
distribution 1s associated with a logic state “0.”

FIG. 6D-6F illustrate an example of programming a
population of 4-state memory cells (MLC cells). It will be
understood that memory cells may be configurable as either
2-state or 4 state cells so that the same memory cells may be
SLC at one time and MLC at another time. Typically
memory cells are configured as SLC or MLC on a block by
block basis so that all cells of a block are operated together
as etther an SLC block or an MLC block at any given time.
FIG. 6D illustrates the population of memory cells program-
mable mto four distinct distributions of threshold voltages
respectively representing memory states “E”, “A”, “B” and
“C”. FIG. 6E 1illustrates the initial distribution of “erased”
threshold voltages for an erased memory. FIG. 6F illustrates
an example of the memory after many of the memory cells
have been programmed. Essentially, a cell initially has an
“erased” threshold voltage and programming will move 1t to
a higher value into one of the three zones demarcated by
verily levels vV, vV, and vV,. In this way, each memory
cell can be programmed to one of the three programmed
states “A”, “B” and “C” or remain un-programmed 1n the
crased state. As the memory gets more programming, the
initial distribution of the erased state as shown in FIG. 6E
will become narrower.

A 2-bit code having a lower bit and an upper bit can be
used to represent each of the four memory states. For
example, the “E”, “A”, “B” and “C” states are respectively
represented by “117, “017, “00” and °10”. The 2-bit data
may be read from the memory by sensing 1n “full-sequence”
mode where the two bits are sensed together by sensing
relative to the read demarcation threshold values rV,, rV,
and rV, 1n three sub-passes respectively.

While the examples above 1llustrate 2-state SLC operation
and 4-state MLC operation, 1t will be understood that MLC
operation 1s not limited to 4-state examples. For example,
eight threshold voltage distributions may be used to store
three bits per cell. Other numbers of threshold voltage
distributions may be used to store other numbers of bits per
cell.
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Upper and Lower Page Programming and Reading

FIGS. TA-7E illustrate the programming and reading of
the 4-state memory encoded with a given 2-bit code. FIG.
7A 1llustrates threshold voltage distributions of the 4-state
memory array when each memory cell stores two bits of data
using the 2-bit code. Such a 2-bit code has been disclosed in

U.S. Pat. No. 7,057,939.

FIG. 7B 1illustrates the lower page programming (lower
bit) 1 a 2-pass programming scheme using the 2-bit code.
The fault-tolerant code shown essentially avoids any upper
page programming to transit through any intermediate
states. Thus, the first pass lower page programming has the
logical state (upper bit, lower bit)=(1, 1) transits to some
intermediate state (x, 0) as represented by programming the
“unprogrammed” memory state “0” to the “intermediate”
state designated by (x, 0) with a programmed threshold
voltage greater than D , but less than D,..

FIG. 7C illustrates the upper page programming (upper
bit) 1n the 2-pass programming scheme using the 2-bit code.
In the second pass of programming the upper page bit to “0”,
if the lower page bit 1s at *“1”, the logical state (1, 1) transits
to (0, 1) as represented by programming the ‘“‘unpro-
grammed” memory state “0” to “1”. If the lower page bit 1s
at “0”, the logical state (0, 0) 1s obtained by programming
from the “intermediate™ state to “C”. Similarly, 1f the upper
page 1s to remain at “I”, while the lower page has been
programmed to “0”, it will require a transition from the
“intermediate” state to (1, 0) as represented by programming
the “intermediate™ state to “B”.

FIG. 7D illustrates the read operation that 1s required to
discern the lower bit of the 4-state memory encoded with the
2-bit code. If the upper page has been programmed and then
a readB operation will yield the lower page data correctly.
On the other hand, 1f the upper page has not yet been
programmed, the lower page data should be read by a read A
operation.

FIG. 7E illustrates the read operation that 1s required to
discern the upper bit of the 4-state memory encoded with the
2-bit code. As 1s clear from the figure, the upper page read
will require a 3-pass read of readA, readB and readC,
respectively relative to the demarcation threshold voltages
D,, Dy and D,

In the bit-by-bit scheme for a 2-bit memory, a physical
page of memory cells will store two logical data pages, a
lower data page corresponding to the lower bit and an upper
data page corresponding to the upper bit. In other examples,
additional pages of data may be stored by storing more than
two bits per cell 1n a physical page. For example, 1n a 3-bit
per cell memory, a physical page of memory cells will store
three logical pages.

Erratic Program Detection

In some memory programming operations, some memory
cells may be over-programmed or under-programmed so
that they are not within the threshold voltage range associ-
ated with the data being stored. Over-programming and
under-programming may indicate various conditions 1n a
memory array including a defective word line, short (low
resistance) between word lines or other components, or other
physical defect. In some memory systems, memory cells that
have threshold voltages between assigned threshold voltage
ranges (e.g. between distributions E, A, B, and C) are
detected and are counted to give an indication of whether
program operations are satisfactory or erratic. Examples of
such Erratic Program Detection (“EPD”) are described 1n

U.S. Patent Application No. 2013/0114342, which 1s hereby
incorporated by reference 1n 1ts entirety.




Us 9,501,400 B2

9

FIG. 7F 1illustrates forbidden zones 701a-c¢ between
threshold voltage ranges E, A, B, and C. Memory cells may
have threshold voltages 1n such forbidden zones because of
over-programming or under-programming. For example, a
memory cell may have a threshold voltage in the forbidden
zone 701c between B and C ranges because ol over-
programming when the memory cell was being programmed
to the B range, or because of under-programming when
being programmed to the C range.

In some cases, EPD mnformation may be used to indicate
a defective word line, bad block or other defective unit. The
number of memory cells 1n a forbidden zone, or zones, may
be compared with a threshold and if the number exceeds the
threshold then the umit may be considered defective and may
be discarded (e.g. such a block may be considered a bad
block and may be added to a bad block list so that 1t 1s not
subsequently used for storage of data).

According to an aspect of the present invention, memory
cells may be subjected to EPD testing 1n order to identify not
only defective components (such as bad blocks) but also to
identily certain components that may operate 1n a manner
that 1s acceptable, but 1s below a desirable level. Such
“sub-prime” components may continue to be used, but their
use may be restricted, or modified, compared with compo-
nents that operate at a desirable level. For example, data
stored 1n sub-prime blocks may have more errors (bad bits)
than prime blocks but may still be within acceptable limits
(1.e. generally correctable by ECC). Sub-prime blocks may
wear faster so that they become unreliable sooner than prime
blocks under the same conditions.

EPD testing may be performed as part of factory testing,
for example as part of testing a memory system such as a
memory card, USB drive, or Solid State Drive (SSD).
Alternatively, EPD testing may be performed as part of an
initialization routine or later. EPD testing may be used for
multiple purposes. For example, EPD testing may identify
bad blocks, which are then discarded, and also identify
sub-prime blocks, which are subsequently used 1n a limited
or modified manner.

In one example, an EPD testing procedure performs
multiple programming and erasing operations on memory
cells to 1dentily numbers of cells 1n forbidden zones. If the
number of such cells 1n a given block exceeds a first
threshold then the block may be considered a bad block and
may be discarded. If the block 1s not bad, then the number
of such cells may be compared with a second threshold. If
the number exceeds the threshold then the block may be
considered to be a sub-prime block. Thus, blocks may be
categorized mnto bad blocks, sub-prime blocks, and prime
blocks on the basis of EPD testing. Blocks, or other units,
may be categorized into additional categories also (e.g.
different degrees or types of sub-prime operation).

The number of write-erase cycles and the threshold num-
ber used to i1dentily sub-prime blocks depend on a number
of factors. In some cases, write-erase cycles may continue
until a predetermined number of sub-prime blocks are
identified. A low threshold number may be used itially to
identify a relatively large number of suspicious blocks
which are then subject to further write-erase cycles (while
other blocks are not cycled, thus reducing wear and testing
time). The threshold number may be increased during such
cycling until the number of blocks exceeding the threshold
number reaches a target.

Where EPD testing 1s done as part of factory testing, the
test results may be saved 1n the memory system and used
when the memory i1s configured (e.g. after firmware 1s
downloaded). In some cases, a simple list of sub-prime

10

15

20

25

30

35

40

45

50

55

60

65

10

blocks may be saved. In other cases, more detailed data may
be saved (e.g. EPD numbers for some or all blocks) so that
the firmware can then configure blocks in an appropnate
manner according to the expected use of the memory system
(c.g. firmware may discard all sub-prime blocks if the
memory has suflicient capacity, or may use all sub-prime
blocks for all purposes 1 reliability 1s not critical, or may
configure some numbers of sub-prime blocks for some
limited operation depending on the requirements of the
memory system). Examples of such limited operation are
described later.

While the example above refers to a block-by-block
determination, EPD results may also be obtained and used
for other units. For example, a particular word line may have
EPD results that indicate that 1t 1s a sub-prime word line
while other word lines 1n the same block are not sub-prime.
Such a word line may be configured for limited operation
while other word lines in the same block are available for
unlimited operation.

Additional Characteristics

While EPD may provide information regarding sub-prime
operation of a block or other portion of a memory array,
other characteristics, including programming characteris-
tics, may also provide such information and may be used for
categorization purposes.

FIG. 8 illustrates a technique for programming an MLC
memory cell to a target memory state by applying a series of
programming pulses to a selected word line. In this way, a
page of memory cells whose control gates are coupled to the
word line can be programmed together. The programming
pulse train used may have increasing period or amplitude in
order to counteract the accumulating electrons programmed
into the charge storage unit of the memory cell. A program-
ming voltage V. .,, 1s applied to the word line of a page
under programming. The programming voltage V., 15 a
series of programming voltage pulses 1n the form of a
staircase wavelorm starting from an mnitial voltage level,
Voeam, then' Vo, . then V.-, », and so on. Each cell of the
page under programming 1s subject to this series of pro-
gramming voltage pulses, with an attempt at each pulse to
add incremental charges to the charge storage element of the
cell. In between programming pulses, the cell 1s read back to
determine 1ts threshold voltage. The read back process may
involve one or more sensing operation. Programming stops
for the cell when 1ts threshold voltage has been verified to
fall within the threshold voltage zone corresponding to the
target state. Whenever a memory cell of the page has been
programmed to 1ts target state, it 1s program-inhibited while
the other cells continue to be subject to programming until
substantially all cells of the page have been program-
verified. One method of program-inhibiting a memory cell 1s
to raise its bit line voltage from OV to VCC during pro-
gramming. In this way, even when the cell’s control gate has
a programming voltage on it, the eflective programming
voltage on the floating gate 1s reduced by VCC, thereby
inhibiting further programming of the cell.

During programming, characterization imformation may
be recorded for later use. For example, when programming
along a particular word line, the number of programming
pulses needed to complete programming (loop count) may
be recorded for the word line. Loop count may vary from
word line to word line. In some cases the highest program
voltage used may be recorded as characterization informa-

tion. For example, 1f programming of a word line ends after
a pulse of VPGM3 i1s applied then VPGM3 may be recorded
as the highest programming voltage used. Such character-
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1zation information may be aggregated over all word lines of
a block to provide an aggregate loop count, program voltage,
etc.

Programming characteristics such as loop count and pro-
gramming voltage may be obtained istead of, or in addition
to EPD data, and may be used to identify sub-prime portions
of a memory array (e.g. sub-prime blocks). In particular, a
high loop count or high programming voltage may cause
increased wear on memory cells. Application of more and/or
larger voltage pulses may lead to faster wear-out. Therefore,
units with such characteristics may be designated as sub-
prime and their operation may be limited.

In addition to programming characteristics, other charac-
teristics may also be used to categorize blocks or other units.
For example, erase characteristics including erase voltage
and erase loop count may be used to categorize blocks
similarly to program voltage and program loop count.

Portions of a memory array, such as blocks, may be
categorized according to numbers of bad bits observed 1n
data that 1s read from the portions. For example, ECC may
provide an mdication of the number of bad bits 1n a portion
of data. The number of bad bits may be aggregated for a
block to provide an indication of risk of data damage
associated with a particular block. Blocks with high risk of
damage (large numbers of bad bits) may be categorized as
sub-prime and may be treated accordingly.

A simple way to categorize blocks as sub-prime blocks 1s
based on proximity to bad blocks. Bad blocks may be
identified by any suitable technique and identification of bad
blocks 1s commonly performed as part of factory testing. It
has been found that blocks that are near bad blocks are more
likely to fail than other blocks. For example, where a bad
block 1s the result of some localized fabrication defect 1t 1s
likely that the eflects of the defect may extend beyond a
single bad block. Thus, even though neighboring blocks may
pass testing (may not be considered bad blocks) they may
not operate reliably over the life of the product.

FIG. 9 shows an example of a memory system 910 that
includes two dies 912, 914, each contamning a bad block,
916, 918 respectively. Blocks that are located adjacent to bad
blocks 916, 918, are designated as sub-prime blocks based
on their proximity to the bad blocks. Bad block 916 is
located 1n plane 0 (*P0”) of a first die 912. Neighboring
blocks 920, 922, on either side of bad block 916 in plane O
are 1dentified as sub-prime because they are immediately
adjacent to bad block 916. In other examples, two or more
blocks on either side 1n the same plane may be designated as
sub-prime. In addition, block 924 in plane 1 1s designated as
a sub-prime block because of 1ts proximity to bad block 916.
In other examples, blocks that are diagonally adjacent to a
bad block may also be designated as sub-prime blocks. In
yet other examples, designation of sub-prime blocks may be
limited to the same plane as the bad block (1.e. a bad block
in plane O only generates sub-prime blocks in plane 0 and
block 924 would not be designated as a sub-prime block
because it 1s 1n plane 1). The physical layout and operating
conditions generally determine the zone around a bad block
in which blocks are designated sub-prime. This sub-prime
zone may be modified according to observed block failure
over time so that sub-prime block designation accurately
reflects failure rates.

Bad block 918 in die 914 results in similar designation of
adjacent blocks 926, 928, 930, as sub-prime blocks. Such
designation 1s limited to the same die as the bad block
because blocks of different dies are unlikely to be affected by
the same defect. In other examples, sub-prime zones may
extend between dies.
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While the above description refers to “prime” blocks and
“sub-prime” blocks, 1t will be understood that operational
(“good”) blocks (blocks that are not bad and are used for
storage of data) may be categorized into any number of
categories. In general, prime blocks are any blocks that are
not either bad or sub-prime. Prime blocks may be available
for unrestricted use while sub-prime blocks are available for
some limited or modified use.

Linking of Sub-Prime Blocks

Sub-prime blocks that are identified as described above,
or otherwise, may be operated in a manner that 1s different
to the manner in which prime blocks are operated. In
general, knowing that such blocks are likely to cause more
errors, and are likely to wear faster than prime blocks allows
the memory system to adjust accordingly.

In many memory systems, blocks in different planes are
linked together for parallel operation so that data may be
programmed and read rapidly. A set of such linked blocks
may be referred to as a “metablock.” In memory systems
that use metablocks, a metablock may be treated as the
minimum unit of erase. Examples of metablocks are
described 1n U.S. Pat. Nos. 7,433,993 and 8.,504,798. In
many cases, selection of blocks to be linked as metablocks
tollows a predetermined pattern. For example, block 0 from
cach plane may be selected to be operated as a first meta-
block, followed by block 1 from each plane as a second
metablock, and so on. When a bad block 1s encountered the
pattern omits the bad block and selects the next block 1n that
plane. Thus, if block 1 1n plane 1 1s a bad block, then a
metablock could be formed by block 1 of plane O, block 2
of plane 1, and block 1 of any other planes. In such a scheme,
blocks that are not bad are simply used 1n order by physical
location.

According to an aspect of the present invention, meta-
blocks are formed from blocks that are selected according to
their categorization, for example, as prime or sub-prime
blocks. Thus, mstead of simply selecting the next available
block from each plane to fatal a metablock, blocks are
selected from the same category so that, for example,
sub-prime blocks from different planes are linked together to
form a metablock.

FIG. 10 shows an example of a two-die arrangement, with
two planes 1n each die as in FIG. 9. Blocks 916 and 918 in
dies 912, 914 respectively are identified as bad blocks as
betfore. Blocks 920, 922, 924, 926, 928, 930, are categorized
as sub-prime blocks based on their proximity to bad blocks
916, 918. In addition, other blocks 932, 934, are also
categorized as sub-prime blocks based, for example, on EPD
testing, program characteristics, erase characteristics, ECC
results, or for other reasons. Sub-prime blocks are linked

together to form metablocks as shown. A first metablock 936
1s formed from blocks 920, 924, 926, 932. A second meta-

block 938 1s formed from blocks 922, 934, 928, 930. The
eight sub-prime blocks form just two metablocks 1n this
arrangement. If categorization 1s not used 1n assigning
blocks to metablocks then sub-prime blocks may be distrib-
uted across a larger number of metablocks (as many as eight
metablocks). In general, when even one block 1 a meta-
block fails, the metablock fails and 1s discarded (marked as
bad and not subsequently used for data storage). By con-
centrating sub-prime blocks 1 a small number of meta-
blocks as shown, the number of metablocks with a high risk
of failure (containing sub-prime blocks) 1s reduced and the
number of metablocks with a low risk of failure (contaiming,
only prime blocks) 1s increased accordingly. While the
example shown has metablocks that are exclusively formed
of sub-prime blocks (sub-prime metablocks) and metablocks
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that are formed exclusively of prime blocks (prime meta-
blocks) in some cases one or more metablock may be formed
of a mix of prime and sub-prime blocks (e.g. where the
number of sub-prime blocks 1s not the same 1n all planes).
Such metablocks may be considered sub-prime metablocks
and may be operated accordingly, or may considered hybrid
metablocks and may be operated according to a hybnid
operating scheme. It 1s not necessary to form metablocks
exclusively from one category of block 1n order to benefit
from categorization.

In general, 1n systems in which metablocks are formed of
blocks from different planes, such a metablock 1s then
operated as the minimum unit of erase (1.e. as a block). Such
metablocks may be considered as large blocks that extend
across multiple planes. Data management structures are
generally configured to reflect the large block structure of
such an arrangement. In general, techniques that can be
applied to an individual block 1n a single plane may also be
applied to such large blocks, or metablocks, across multiple
planes. Aspects of the present invention are applicable to
both single-plane blocks and multi-plane blocks.
Operation of Sub-Prime Blocks

Sub-prime blocks may be configured for limited use (1.e.
excluded from certain uses that prime blocks are available
for). For example, certain critical data may be exclusively
stored in prime blocks and a data management system may
prohibit storing such critical data in sub-prime blocks.
Examples of such data may include data that 1s used for data
management such as File Allocation Table (FAT) data,
directory data, and logical-to-physical address translation
data. A memory controller may assign physical addresses for
such data so that the data 1s limited to physical addresses that
are located 1n prime blocks.

In another example, sub-prime blocks are restricted to
storing particular data, for example data that can be retrieved
from elsewhere 11 it 1s lost. For example, 1n some memory
systems, a memory controller may use a portion of nonvola-
tile memory when performing internal copy operations.
Such data can be retrieved from the original data 1f the copy
in sub-prime blocks becomes uncorrectable.

In some examples, a host may 1dentily particular data as
critical data, or high priority data. While aspects of the
present invention may be implemented without any host
involvement, in some cases a host may be aware that
memory categorization 1s implemented and may specity that
particular data 1s to be stored in prime blocks only.

In some memory systems, physical blocks are configu-
rable as either Single Level Cell (SLC) or Multi Level Cell
(MLC) blocks. It may be desirable to limit sub-prime blocks
to just one configuration (1.e. exclusively SLC or exclusively
MLC) depending on the memory system. In general, MLC
blocks are used for longer term storage for data that 1s not
frequently updated. Thus, limiting sub-prime blocks to MLC
operation may reduce the number ol write-erase cycles
experienced by such blocks, which tend to wear faster than
prime blocks (i.e. tend to fail at lower write-erase cycle
counts). In other cases, sub-prime blocks may be limited to
SL.C operation which generally provides wider threshold
voltage distributions and lower error rates. Thus, a block that
1s found to have a large number of cells outside assigned
threshold voltage ranges (between MLC logic states) during,
EPD testing may be categorized as sub-prime, and may be
configured for SLC operation 1n which assigned threshold
voltage distributions are wider.

In some memory systems, sub-prime blocks may be
limited to store data that 1s subject to some additional safety
measures that are not applied to data stored in prime blocks.
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For example, such data may be written in a sub-prime block
while a copy remains elsewhere and may then be read from
the sub-prime block and verified as correctly written before
the copy 1s deleted. Such a scheme may be referred to as a
post-write read scheme. Examples of post write read sys-

tems and methods are described 1n U.S. Patent Publications
Numbers 20110096601; 20110099460; 20130028021;

20130031429; 20130031430; 20130031431; and in U.S.
Pat. No. 8,214,700 which are hereby incorporated by refer-
ence 1n their entirety.

In another example, data stored in sub-prime blocks may
be subject to a redundancy scheme that 1s not applied to
prime blocks. While some redundancy data, for example,
Error Correction Code (ECC) data may be generated for all
stored data, some additional redundancy data may be gen-
erated for data stored 1n sub-prime blocks. This may mvolve
more ECC data than used elsewhere 1n the memory system
(1.e. a higher level of ECC protection). An additional scheme
may be applied to sub-prime blocks such as an Exclusive OR
(XOR) scheme that performs an XOR operation on two or
more portions of data before they are stored. Such an XOR
scheme allows recovery of any portion of data that 1s
uncorrectable by ECC (UECC) by reversing the XOR opera-
tion. Such an XOR scheme may not be applied to prime
blocks because ECC may be suflicient to correct the rela-
tively small number of errors likely in prime blocks.

In some memory systems, the number of write-erase
cycles (“hot count”) 1s tracked on a block-by-block basis so
that wear can be distributed evenly across all blocks, thus
avoilding concentrating wear in particular blocks which may
lead to premature failure of such blocks. Such a wear
leveling scheme may be adapted to reduce wear on sub-
prime blocks which may tend to fail after a smaller number
of cycles than prime blocks.

According to an example, fixed values are added to hot
counts of sub-prime blocks. For example, a sub-prime block
may have an initial hot count of 500. Thus, a wear leveling
scheme would direct new writes to prime blocks until hot
counts of prime blocks reached 500 cycles.

According to another example, multipliers are applied to
the actual hot counts of different blocks. Thus, while some
blocks may have hot counts incremented by one for each
write-erase cycle, other blocks may apply a multiplier X so
that their hot count increases by X for each write-erase
cycle. Sub-prime blocks may be assigned a multiplier that 1s
greater than one. For example, all sub-prime blocks may be
assigned a multiplier X=3 so that their hot counts are
incremented by 3 for each write-erase cycle. Wear leveling
would ensure that such a block experienced one third as
much use as a prime block having 1ts hot incremented by one
per write-erase cycle.

Other schemes for managing sub-prime block usage may
be implemented and techniques are not limited to applying
a fixed oflset, or a multiplier to a hot count. Knowledge of
block-by-block life expectancy may allow a wide variety of
schemes to manage block usage and avoid premature block
failures. While examples above generally treat all sub-prime
blocks similarly, sub-prime blocks may be further catego-
rized and each sub-category may be differently treated. For
example, blocks may be assigned to sub-categories that
reflect how far their performance deviates from performance
of a prime block. Sub-prime blocks that are near-prime may
be subject to near-prime operation (e.g. prohibited from
storing critical data but otherwise operated as prime blocks).
Sub-prime blocks that are far from prime may be subject to
more modified operation (e.g. XORing stored data, MLC or
SLC only, increased hot counts, or some combination). Wear
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leveling schemes may be applied according to categorization
of sub-prime blocks so that sub-prime blocks with worse test
results receive higher 1nmitial hot counts or multipliers and
sub-prime blocks with better test results receive lower 1nitial
hot counts or multipliers.

FIG. 11 1llustrates an example of a method of identifying
sub-prime blocks. Write/erase testing 1s performed on all
blocks 150, for example, by programming a test pattern and
subsequently erasing 1t while gathering testing data. Thas
may be repeated. The results are then compared with first
thresholds to i1dentily bad blocks 152. For example, blocks
that failed to program the test data within a threshold time,
or failed to erase within a threshold time, may be considered
bad blocks. The locations of the bad blocks are then recorded
in a bad block list 154. Subsequently, sub-prime blocks are
identified from their proximity to bad blocks 156. For
example, blocks on either side of a bad block in the same
plane as the bad block may be categorized as sub-prime
blocks. The test data 1s then compared with second thresh-
olds to 1dentily sub-prime blocks (e.g. blocks that have slow
program and/or erase, high EPD numbers, etc.) 158. The
locations of sub-prime blocks are then recorded 160. This
process may be carried out as part of product testing and
locations of bad and sub-prime blocks may later be used
when the product 1s configured for operation.

FIG. 12 illustrates a scheme for forming metablocks using,
categorization information. A block 1s selected from plane O
(may be selected based on location, e.g. next available block
in sequential order) and a determination 1s made as to
whether 1t 1s a sub-prime block 262. If 1t 1s not sub-prime,
then 1t 1s a prime block and the system looks for another
prime block 1n plane 1 and 1n any other planes 264. These
prime blocks are then linked to form a prime metablock 266
which 1s configured for general operation 268. If the block
in plane O 1s a sub-prime block then the system looks for a
sub-prime block 1n plane 1 and 1n any other planes 270.
These sub-prime blocks are then linked to form a sub-prime
metablock 272 that 1s configured for sub-prime operation
274.

FIG. 13 illustrates an example of a scheme for configuring,
blocks. A determination 1s made as to whether a block 1s a
sub-prime block 380. If it 1s not a sub-prime block then 1t 1s
configured for general operation (unrestricted operation)
382. If the block 1s a sub-prime block then it 1s prohibited
from storing critical, data such as FAT 384. It 1s also
configured for one-mode operation (exclusively MLC or
SLC) 386. It 1s subject to a modified hot count scheme that
provides an increased hot count for a given number of actual
write-erase cycles 388. An additional redundancy scheme 1s
applied to the sub-prime block 390. While the scheme of
FIG. 13 shows multiple steps applied to a sub-prime block,
other schemes may apply only one, or only some subset of
these steps to sub-prime blocks.

FIG. 14 shows an example of hardware that may be used
to 1mplement aspects of the present invention. A memory
system 520 includes a memory controller 522 and a memory
IC 3524. The memory IC 524 includes a block-erasable
nonvolatile memory array 526 (e.g. planar NAND array, 3-D
memory, or other array) which includes both SLC and MLC
blocks. The memory 1C 524 also has peripheral circuits 528
including a write circuit 530, a read circuit 532, and an erase
circuit 533 that are configured respectively write, read, and
erase one or more test patterns of data in blocks of memory
array 326. Test circuit 534 collects testing data during such
operations and blocks are categorized according to the test
results (e.g. as prime and sub-prime blocks). Peripheral
circuits 328 also include a configuration circuit 5336 that
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configures blocks according to their category so that, for
example, sub-prime blocks may be limited to storing certain
kinds of data, or may be configured to use redundancy
schemes or wear leveling schemes that are not applied to
prime blocks.

CONCLUSION

The foregoing detailed description of the invention has
been presented for purposes of illustration and description.
It 1s not intended to be exhaustive or to limit the mvention
to the precise form disclosed. Many modifications and
variations are possible 1n light of the above teaching. The
described embodiments were chosen 1n order to best explain
the principles of the imnvention and 1ts practical application,
to thereby enable others skilled 1n the art to best utilize the
invention 1n various embodiments and with various modi-
fications as are suited to the particular use contemplated. It
1s intended that the scope of the invention be defined by the
claims appended hereto.

It 1s claimed:

1. A method of operating blocks of a memory array
comprising;

categorizing the blocks into a plurality of categories

including prime blocks, sub-prime blocks, and bad
blocks:;

wherein the categorizing includes 1dentifying a bad block

from test results obtained from the bad block, and
subsequently i1dentifying sub-prime blocks based on
their proximity to the bad block;

subsequently selecting individual blocks 1n different

planes for parallel operation 1n metablocks such that
cach block 1n a metablock 1s selected from the same
category.

configuring metablocks formed from prime blocks as

prime metablocks that are operated 1n a first manner;
and

configuring metablocks formed from sub-prime blocks as

sub-prime metablocks that are operated in a second
manner that 1s different from the first manner.

2. The method of claam 1 wherein the categorizing
includes:

testing each of the blocks to obtain test results;

subsequently, comparing test results for a block with first

criteria to determine 1f the block 1s a bad block; and
comparing the test results for the block with second
criteria to determine if the block 1s a sub-prime block.

3. The method of claim 2 further comprising: categorizing,
blocks that are not determined to be bad blocks, and are not
determined to be sub-prime blocks, as good blocks.

4. The method of claam 1 wherein the categorizing
includes 1dentitying bad blocks from testing, and 1identifying
sub-prime blocks from proximity to bad blocks and from
testing of sub-prime blocks.

5. The method of claim 1 wherein the metablocks formed
from sub-prime blocks are limited to operation as MLC
blocks and the metablocks formed from prime blocks are
configured for operation as either SLC or MLC blocks.

6. The method of claim 1 wherein the metablocks formed
from sub-prime blocks are limited to store certain types of
data and the metablocks formed from prime blocks are used
to store any data sent to the memory array.

7. The method of claim 1 wherein operation 1n the second
manner includes assigning a write-erase cycle count to a
sub-prime block that 1s greater than a number of write-erase
cycles actually undergone by the sub-prime block.
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8. A method of operating erase blocks of a memory array
comprising;
individually testing a plurality of erase blocks to deter-
mine a number of memory cells with threshold voltages
that are between target threshold voltage ranges asso-
ciated with logic states for each of the plurality of erase
blocks:
categorizing the plurality of erase blocks mto a plurality
of categories based on the number, the plurality of
categories including prime erase blocks, and sub-prime
erase blocks including categorizing erase blocks that
are 1n close proximity to bad blocks as sub-prime

blocks;

operating prime erase blocks 1n a first manner;

operating sub-prime erase blocks 1n a second manner that

1s different from the first manner; and

wherein operation in the second manner 1s restricted to

storing only data that 1s recoverable from other blocks
in the memory array.

9. The method of claim 8 wherein the first manner
includes operation 1 both MLC and SLC modes, and the
second manner restricts sub-prime erase blocks to use 1n
SLC mode.

10. The method of claim 8 wheremn operation in the
second manner 1s restricted to blocks used for internal
copying of data.

11. The method of claim 8 wherein the data 1s recoverable
from another copy of the data that 1s stored 1n another block
in the memory array.

12. The method of claim 8 wherein the data 1s recoverable
by performing an exclusive OR operation (XOR) on data
stored 1n another block 1n the memory array.

13. The method of claim 8 categorizing the plurality of
erase blocks into a plurality of categories includes catego-
rizing erase blocks that are in close proximity to bad blocks
as sub-prime blocks.
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14. A method of operating erase blocks of a memory array
comprising;

individually testing a plurality of erase blocks to obtain
block-specific test information;

storing the block-specific test information;

subsequently, categorizing the plurality of erase blocks
into a plurality of categories based on the block-specific
test information, the plurality of categories including
prime erase blocks, and sub-prime erase blocks;

identitying bad blocks and categorizing erase blocks that
are 1 close proximity to bad blocks as sub-prime

blocks:;

configuring prime erase blocks for general use in storing

user data; and

configuring sub-prime erase blocks for limited use.

15. The method of claim 14 wherein the testing includes
determining a number of memory cells with threshold
voltages that are between target threshold voltage ranges
associated with logic states for each of the plurality of erase
blocks.

16. The method of claim 14 wherein prime metablocks are
configurable as either Single Level Cell (SLC) blocks or
Mult1 Level Cell (MLC) blocks, and sub-prime erase blocks
are configured exclusively as SLC blocks.

17. The method of claim 14 wherein prime metablocks are
configurable as either Single Level Cell (SLC) blocks or

Mult1 Level Cell (MLC) blocks, and sub-prime erase blocks
are configured exclusively as SLC blocks.

18. The method of claim 14 wherein the sub-prime erase
blocks are configured for use that 1s limited to storing data
that 1s already stored in another block 1n the memory array,
or can be reproduced from data stored 1n another block 1n the
memory array.
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